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ABSTRACT 



The present invention relates to a s witching system for 
interconnecting a plurality of computer user terminals or 
workstations each having user interface devices, including a 
keyboard, a video displav unit, a nd a c u rsor control device 
or mouse (KVM), with a plurality of computers in a coi^ 
p uier network , a llowing a user to access any one or more^ f 
'iftid rmppiitcrR froTn fh^ ncpr intpfTa ce devices-^o£ a sing ]e 
tprmingl rtr wnrV ftlation . It is denotcd "high end" because of 
the potentially large number of computers which may be 
interconnected with the system. 
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HIGH-END KVM SWITCHING SYSTEM network, allowing a user to access any one or more of said 

computers from the user interface devices or a single 

FIELD OF THE INVENTION terminal, comprising a switching hub (40) for routing key- 

^ . . , ... ^ board and cursor control signals transmitted from any one 

TTie present mvention relates to a switchmg systena for ^ terminals (1-16) to a selected computer (201), and 

mterconnecting a plurality of computer user termmals or foj. routing video signals received from the said computer to 

workstations each having user mterface devices, includmg a ^aid one of the terminals, said signals being in both digital 

keyboard, a video display unit, and a cursor control device and analogue form, a user interface module (17-32) for 

or mouse (KVM), with a plurality of computers in a com- receiving said transmitted keyboard and cursor control 

puter network, allowing a user to access any one or more of signals, coupled between said plurality of computer user 

said computers from the user interface devices of a single terminals (1-16) and said switching hub (40), a computer 

terminal or workstation. It is denoted "high end" because of interface module (51-178) for receiving said received video 

the potentially large number of computers which may be signals, coupled between said plurality of computers 

interconnected with the system. (201-328) and said switching hub (40), characterized in that 

the physical architecture of the switching hub (40) is a 
modular system comprising a plurality of switch modules 
(41), each module comprising an analogue transmitter (43) 
A keyboard -video- mouse (KVM) switching system for circuit and/or an analogue receiver (42) circuit, each includ- 
selectively interconnecting a single workstation with a plu- ing an analogue crosspoint switching arrangement, a pro- 
rality of remotely located computers, a "low-end" system, is 20 grammable digital circuit (44) for handling digital data 
described for example in U.S. Pat. No. 5,499,377 (Designed signals and including a digital crosspoint switching 
Enclosures, Inc.) and such systems are available from Cybex arrangement, and a backplane (45) interface between the 
Inc., and other suppliers. "High end" KVM systems, in said analogue (42, 43) and digital (44) circuits, 
which multiple workstations may be selectively intercon- In another aspect, the invention provides a switching hub 
nected with any one of multiple computers via a computer- 25 (40) comprising a plurality of removable and hot swappable 
ized switching hub are available from, inter alia, Cybex Inc., switch modules (41) each with its own crosspoint switching 
Apex PC Solutions Inc., Rose Electronics Inc., Lightwave arrangement (402, 501, 502) and central processing unit 
Communications Inc., C-C-C Group Limited. These systems (400), each module comprising an analogue transmitter (43) 
greatly facilitate system administration in a local area net- circuit and/or an analogue receiver (42) circuit, a program- 
work from a single workstation, which may be located in a 33 mable digital circuit (44) for handling digital data signals 
different room or building from interconnected computers and a backplane (45) interface between the said analogue 
such as servers in a large client server network, Intercon- (42, 43) and digital (44) circuits. 

necting cabling needs are also reduced. A typical high end In a further aspect, the invention provides a switching hub 

KVM switching system is described in U.S. Pat. No, 5,721 , (40) comprising a crosspoint switching arrangement (402, 

842 (Apex). S ignal conditionirig interface units recelye 35 501, 502), including an analogue crosspoint switch (501, 

keyb oard and mouse ^Igffglg'trem-a workstation and.geg er- 502) with a switch topology based on a switched transcon- 

ate serial digital data packets which are trans mitted to^ a ductance architecture, 

switehing-Lub t;uiiipnMiig a central ciosspoiiii swiicL. 'iTie jn a still further aspect, the invention provides a switching 

cro fispetnt-swltdi Routes the Keyooara/mouse packet' to hub (40) which is a modular system comprising a plurality 

ano ther signa l conamonm g interlace un it coupled to'Jhe of switch modules (41), each module comprising a separate 

s erected remote computer.- Analogue video output sig nals analogue transmitter (43) circuit or an analogue receiver 

fr om the rem ote computer are transmitt ed via central_an a- (42) circuit, each including an analogue crosspoint switch- 

it ^gue crosspoi ntswitching arrangement to the worksta tion^ ing arrangement, a separate programmable digital circuit 
so th aut appears to the workstation user that there is a dir^L, (44) for handling digital data signals and including a digital 
connection between the workstation key board, video moni-_^ c crosspoint switching arrangement, and a backplane (45) 

tor and mouse to any one o f 32 remotely-located computer s. interface between the said analogue (42, 43) and digital (44) 

The switching hub compnses ajnasier L^eniral Pruce"^ ng circuits, said analogue circuit embodying stripline structures 

Uti^tX CPU), a plurality of identical transmit/recgivrcgfas. a for video bus channel paths. 

.^luratitr^^ cards each comprising a 16x16 digital i^e invention also provides methods of switching KVM 

cr^is pmnt^tcfa-aTid-a^arate-l:6x^nalegu e^^ signals in a KVM system, using the system described, and 

switcfara mgiiai pacKpiane ana a scpHiatt aiialuRttc-tegc- ^^^^^^ ^^^^-^ ^^^^j^ 

plan e, Sucna system has to be powered down tor jrem oval Modular System 

°/ ^^naaa^oj cards and a failure on one switch c'^d or in_ preferred embodiment, the invention Creates a truly 

master CPU^ l cause tne whole system to tail. J n mo^l nlnrsysie m. whi ' cli k v^.r. . lv r . o .. UH . l . lL tn t l .rrrtegfre.H 

contxgOhe present invention provides a high_end^KVM systenT7me?St^f connectin g more users and computed as 

systems-distributed congol, i.e. withouU-ina&t£i-CPU, needs-ehai me, by simpl y adding more modules to the 

and in^ihiGfe^atix^^^ systemT^tetrachi eved by providi ng switch modules, or 

a sigmfieact-advantage which allows for si m i p l&.maiat£jianc e p.^k^^-r^f-rni^ nr tr.n.mit 'nd r.reA.. mnHe. prnv ^Tn^uT 

^.^^ upd_alJ^^eHh£sy^^ acaess-4o-^-prc:HHt S5^ num^^^^^ co^^r 

Hons and co mputers, without ao jLsy^m-down time. interfaees-ofTlTeTystem. In the described emBoatmcntj^ 

U.S. Pat. No. 5,884,096 (Apex) descnbes a similar high ey.t ^ fc pr^.n-,] , u i sMiuL lalU switLh i illrIuIl La i i-h andle 

end KVM switching system. sixteen-vidTO^^egjSd with nine mnHiilp^; loaded f hp 

The present invention provides a switching system for sysTemcwill allow'sixteen users to control 128 computers in 

interconnecting a plurality of computer user terminals a non-blockiog^^ay: 

(1-1 d), having user interface devices including a keyboard 65 EcoBOhlic SystemArchitecture 

(lb), a video display unit (la) and a cursor control device In its preferred embodiment, the invention reduces costs 

(Ic), with a plurality of computers (201-328) in a computer of design and manufacture by splitting each switch module 
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into an analogue card and a digital card, wherein the digital 
card is a common card which may be used interchangeably 
for both transmit and receive modes, i.e. bundled either with 
an analogue receiver or transmitter card. 
Hot Swap 5 

In its preferred embodiment, the invention provides a 
fully "hot-swappable" modular KVM system. Every single 
removable module in the system may therefore be hot 
swappable, i.e. may be plugged or unplugged in a powered 
on condition. This includes; power-supplies, fan modules, lO 
all cards, control panel. 
CAN-bus as Internal Communication 

In its preferred embodiment, the invention provides com- 
munication between all cards based on a Controller Area 
Network (CAN) bus, for example; all switching information, 15 
system information, update information for the main CPU, 
update information for the programmable logic devices, 
control information. 
Synchronization Signals 

W hereas the analogu e cards are for distributing video 20 
signals, the preferred ecpgodlment Of ihti Invention provig cs 
a digital card tor handling v ertical and horizontal synchro- 
nizatign" signa ls (HS and VSl exclusively Tor' Ihti VKtet P 
charmol rancrtde external communication. VS and HS sig- 
nals afe not enco ded onto the analogue color video sig nals 25 
(e.g. green cana olu e) as in the prior art, U.S. FatT No. 

5,884,096 (Apex^r- ■ ■ ^ 

Video Quality 

' In lis ^STSlerr ed embodiment, the in vention improves 
transmitted^a eo signal quality, withou t auy l0!>!> ul quaktjL 30 
when a lai^e-number ot computers aie t^miitLlcd -to- ^the 
system. "Thi s a^hi""^ri n "rmh in ntinn Q f ffjiMirr", a 
common o^^ecKj f which is tu piestftvt; tlii. iatcgrity Sftfae 
video signals-afld-mintmize crosstab! ilt cvei^uslage, during 
transmission through the syst em, to avoi d for instance 35 
"ghosting" on screen from mterference of other video chan- 
nels in the system. These features include, but are not limited 
to the following: 
Choice of Crosspoint Switch 

An analogue crosspoint switch topology based on 40 
"switched transconductance architecture" is preferred over 
the more common "bilateral mosfet (or CMOS) switch" type 
of device, described for instance in U.S. Pat. No. 5,884,096 
(Apex). In the described embodiment of the present 
invention, the particular crosspoint switch used consists of 45 
an array of 128 transconductance input stages organized as 
eight 16:1 multiplexers with a common, 16-line analogue 
input bus. Each multiplexer is basically a folded-cascode 
high-speed voltage feedback amplifier with sixteen input 
stages. This architecture results in a low-power, large matrix 50 
crosspoint switch with high input resistance, low input 
capacitance and wide bandwidth without the use of addi- 
tional input buffers. Bi-lateral mosfet (or CMOS) switches 
on the other hand suffer from significant parasitic capaci- 
tance and finite ON resistance since they are not internally 55 
buffered. This reduces overall bandwidth and causes varia- 
tion in bandwidth as outputs are added or removed from a 
driving input. 
Backplane Design 

Controlled impedance "Iripline" techniques have been 60 
used in the design of the analogue video bus portion of the 
backplane in order to optimize signal integrity, channel 
bandwidth and crosstalk separation. Adjacent channel 
crosstalk separation is enhanced by interleaving adjacent 
channel paths in an alternate tri-plate stnipline structure, i.e. 65 
all even channels are carried in one stripline structure and all 
odd channels are carried in an other. Expanding on the above 



technique additional stnipline structures may be used to 
further enhance the separation between channels thus further 
improving the crosstalk separation. 
Backplane Interconnect Design 

In order to maintain maximum system bandwidth and 
optimal crosstalk separation, special consideration has been 
given to the design of interconnectors at the backplane. A 
specific pin assignment is used with the connector array in 
order to minimize the crosstalk separation between 
channels, in a technique which creates a pseudo-coaxial 
cavity for each analogue signal path within the mated 
connector body thereby resulting in optimal crosstalk sepa- 
ration. In the embodiment described, a suitable connector for 
this technique is from the HDM plus range manufactured by 
Teradyne, Inc. 

Additional Noise Reduction Measures 

In order to reduce conducted noise from the digital 
portion to the analogue circuits, galvanic isolation has been 
incorporated in all interface paths between the digital card 
and the analogue card. This has been achieved through the 
use of optocouplers in all digital signal paths between the 
analogue printed circuit board (PCB) and digital PCB. In the 
embodiment described, a suitable optocoupler is part HCPL- 
0531, supplied by Hewlett Packard, Inc. 
Redundant Power Supplies 

In its preferred embodiment, the invention provides a 
KVM switching system with a fully redundant power 
supply, having at least two independent power supply sys- 
tems. If one power supply fails, the other one will guarantee 
a stable system which will go on working without interrup- 
tion. 

FPGA Crosspoint Switch Arrangement 

In its preferred embodiment, the invention provides a 
programmable logic device, such as a field programmable 
gate array (FGPA) for switching the synchronization signals. 
In the described embodiment, there are advantageously two 
bi-directional 16 by 16-crosspoint switches, both switched 
simultaneously for distributing horizontal and vertical syn- 
chronization signals always together on one channel. These 
crosspoint switches are preferably controlled by the main 
CPU. The logic device is preferably accessed by a data bus, 
an address bus and some control signals. This interface may 
be compatible to a standard microcontroller interface or a 
serial control link. This device is preferably programmable 
from the main CPU of the system. Advantageously, it is 
adapted to be automatically updated when the firmware of 
the CPU is updated. 

Low Voltage Differential Transceiver (LVDS) Backplane 
Drivers 

Differential LVDS drivers/receivers are used for the back- 
plane. This reduces electromagnetic interference (EMI) and 
reduces crosstalk to other signals. 
Remote Firmware Update 

Advantageously, all programmable electronic devices 
may be reprogrammed or updated from a remote location. 
Alternatively, updates could be performed by computers 
with a serial, parallel, LAN, Internet, Infra-red and radio 
controlled transmission. The system could be configured via 
Internet. 

System Monitoring Via Control Panel 

Advantageously, the control panel may be used for updat- 
ing the whole system. The update information is distributed 
via the CAN bus internally and the external command bus 
distributes this information to other switch modules. It is 
possible to update cards in other units connected to the 
system. Another advantageous use of the control panel is to 
configure the system and do administrative work, including 
debugging the system. 
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Single Unshielded Twisted Pair (UTP) Category 5 (CATS) over a communication link (33) to/from a switching hub 

Cable Transmission (40). After being routed through the switching hub, the 

A single CATS transmission cable may be used to inter- keyboard and mouse signals are retransmitted on another 

connect workstation and computer interfaces to the KVM communication link (50) to a computer interface module 

switching system hub. Such a cable is of known 5 (51) which is connected to a remotely-located computer 

construction, e.g. as described in U.S. patent applications (2*>1)- 'The computer interface module may also of known 

Ser. Nos. 60/043,085, 60/045,608, 09/073,178, 08/971,223, ^^^^^^g"' preferably a Cybex 4xP. The computer interface 

08/971,224, all assigned to Cybex Inc. "^^^^^^ separates and unpacks all the different types of data 

Flash Upgradable Firmware ^8^"^ supplies the keyboard and mouse signals through 

Firmware in the system is preferably flash memory lO appropriate connectors (180) to the input ports of the com- 

upgradeable. The system starts up from a boot ROM/ P^^^^* computer interface module acts like a keyboard 

EPROM and looks for a newer firmware version in the flash ^o^Jiecled to the computer even when commu- 

memory. If there is a newer version, the system executes "i^f ^^^^ workstation system is lost. ITie emulaUon 

commands from the flash memory. °f keyboard and mouse at the computer interface module 

also lets the computer boot without error mcvssages and 

BRIEF DESCRIPTION OF THE DRAWINGS failures. 

These, as well as other objects and advantages of this 'The switching information needed for the switching hub 

invention, will be more completely understood and appre- switch is usually generated in the user interface module (17). 

ciated by careful study of the following more detailed '^^e information is provided to the switching hub (40) by the 

description of a presently preferred exemplary embodiment 20 communication link (33), which already carries the mouse 

of the invention taken in conjunction with the accompanying keyboard data signals. 

drawings, of which: Analogue video signal output produced by the remote 

nos. lA-lC are together a schematic representation of a computer (201) is transmitted along the communication link 

high end KVM switching system in accordance with an (^0) to the switching hub (40). This is then routed through 

embodiment of the present invention in which sixteen user 25 the switching hub (40) and retransmitted lo the user interface 

workstations are connected with 128 computers; module (17), which provides the video signals to the monitor 

FIG. 2 is a block diagram of a common digital card, ... , , 

transmitter or receiver, comprised in a switch module of the Synchronization signals, horizontal sync (HS) and verti- 

system shown in FIGS. lA-lC; ^y^^ associated with the analogue video signals 

T-fy^o iA iT» * 1-1 1 J- r *i. r; ij 30 (e.g., red, green, blue), are transmitted to the switching hub 

FIGS. 3 A-3B are together a block diagram of the field ).°* IZt.u i./tl • . • u j 

, /rr-nA\ j ■ * (40), rou ted through the crosspoiut switch arrangement, and 

programmable gate array (FGPA) and crosspoint switch \ * J . ^l. - . r j i /i -tx r^t 

* r *u J* •* 1 J u ■ T-T/- 1 then retransmitted to the user interface module (17). The 

arrangement of the digital card shown in FIG. 2: • . r j , • i , . • • 

^ . , , , r i . . interlace module then provides the synchronization 

HG. 4 IS a block diagram of an analogue transmitter card, ^^^^^^ ^^^-^^^ 

comprised in a switch module of the system shown in FIGS. c , *u •* /i ^ i u j 

^ 35 From a user s perspective, the monitor (la), keyboard 

' . ^ (1^?) and mouse (Ic) appear as if they are directly connected 

HG. 5 IS a block diagram of an analogue receiver card, ^^^^^^ computer (201). 

comprised in a switch module of the system shown in FIGS. Switching Hub 

lA-lC, FIG. 1 also shows in general outline a block diagram of 

HG. 6 is an end view of the rear panel of the switching 40 the switching hub (40), which has many novel features in 

hub unit shown in FIGS. lA-lC; accordance with the present invention. This is easily scalable 

FIG. 7 shows a portion of a backplane connector pin to the needed system, because of its physical modular 

assignment, illustrating a shielding technique; architecture. Switch modules (41) fitting within individual 

FIG. 8 shows further aspects of the analogue backplane racks in the switching hub (see FIG. 6) housing each provide 

interface shown in FIGS. 4 and 5; and 45 access either to sixteen user interface modules (17-23) or 

FIG. 9 shows an example of an alternate tri -plate stripline sixteen computer interface modules (51-67) of the system. 

structure, described with reference to the analogue circuits Each switch module is split into an analogue card (42, 43) 

shown in FIGS. 4 and 5. and a digital card (44), in a back to back configuration. The 

ncT^AiT T:n ncc/-oTDT^nivT r^r -rue t^d Axxn\jnc switch modules are not aU identical, and may be configured 

DETAILED DESCRIPTION OF THE DRAWINGS ^.^^^^ ^ ^^^^^ ^^^^^^ ^43, 44) or as a transmit module 

HG. 1 shows the high end KVM ("Keyboard- Video- (43, 44). Th e digital card (44) is m ost preferably comn^ on 
Mouse") c omputerized switching system or crosspoin t for both tvp g 7)t switch rriodule. which fedum "Hesigira nd 
switc h according to me present inv^ion, wnicn allows a manufa clunng'costs. Th e analogue card is either an ana- 
large h um ber ot computers to De coupieo 10 a numperor us er l ogugl^ceiver ji'l) 01 ailulugUL tranomittcr i4S), ad apted 
ternf mals or workstations. In the embodiment shown^ 128 55 r espectively f n di5;trihute incoming or outgoing vids gsift&als 
c oniputers (2U1-328) arc interc onnected with sixteen work - from the svyitr^^'^ g (49) ^ rnmhinp.ri anairtpi^Trpppivpr/ 
sfati ons (I-lb), ail computers oeing accessiDle trom any on e trans mitter card is p ossihle^The digital card handles viHp.n 
of t tg workstations, wnicn may bb remotely loca lea^ syiic Hronization signalsTtEe tiAttiUdl Lummumcg tlnnrth d 
anotft ei^room ui billldiug, fli! exaiiiplC. E ACh workstati6n the controi sig nals tor the analogue cards. Control s ignals 
(l-l'6)'compnses a user interlace including a video monitor 60 comlTl E-frOTn the digital card anH frn ir.^ thp ^r^^i^^^ 
(la), a keyboard (lb) a nd a cursor control device such as a are isolated with.iipl©-€ouplers. 

mouse (Ic). Workstation input signals from the keyboard There 'SreTherefore sixteen video channels per switch 

and^ mouse are received by a user interface module module (41), in the embodiment described. The number of 

(17-32), for example, a known system called 4xP, by Cybex users or computers could be increased with every module 

Computer Products International Ltd. 65 (41) by steps of sixteen. ^Fhis system will allow sixteen users 

llie user interface module (17), packs and transmits/ lo control 128 computers in a non-blocking way. It is also 

receives the bi-directional keyboard and mouse data signals possible to have more than sixteen user interfaces connected 



03/03/2003, EAST version: 1.03.0002 



us 6,388,658 Bl • 

7 8 

to the switching hub. Additionally, it must be noted, more To get a 16-channel communication to other units, four 

than one user can be connected to the same computer. quad UARTs (403) are used on every module (41). These 

Every switch module includes a sixteen by sixteen digital UARTs are also connected to the CPU data, address and 

crosspoint s witch arrangement (see FIG. 2) and has ac cess control bus. Buffers may be used for driving such an amount 

to sixteen cTTa nhels on a backplane (45). A "cnanneT" com - 5 of devices on the address bus. 

pri ses different unes br each of the following sig nals: xhe d igital cards are fully bi-directional , i.e. aU the input 

analiigae video red, analogue videii green, Analogue video ^^d output signals can be reversed by diFictloirrDntfoller 

blue, a pair for vertical synchronization (VS) and a pair for (408r^er TlG. i), and a common card is used to a 

honzonlal synchronization (HS). Communication between transmitter (43, 44) and a receiver (42. 44^ switch module 

the cards is performed on an internal communication bus. />ii\ tt,^ j- •* 1 -* /AA\'^~rx 1 1 : '■ 

This commimication is based on a differential CAN .Thejigita l part (44) of Ihf^ mor^nle r^co^Q ^z^mj^ 

(controller area network) bus (404). For example, informa- it hastoag^ ependmfi on one direction signal com i ng 

tion sent on the CAN bus may be keyboard information, the^g aToeli^ part . Wh^^P a ctiggjs ^receiver modug, 

mouse information, switching information, system ^^e synchronisation signals HS, VS Tg^ne in ircjm ife 

information, update information for the main CPU, update computfcT-iger ^, mndnlr , (^1) difrnrmllfl li y .ailfiy are 

information for the programmable logic devices, control received Tyv HiflFprr^ntml Imn mnnivpr^: ^^"v^rffifl 

information. CMOS compatib le signal levels. All sixteen HS and s ixteen 

Control Panel VS signalg-ffrTT^^nj'rtnnpr'fpH m fVif^ FPGA : 

A control panel (46) may be used for updating the whole CrosspointSvgt£hrs on DigitaLCard 

system. The update information is distributed via the CAN There^areTwo bi-directional 16 by 16-crosspoint switches 

bus internally to other plugged cards and the external 20 embodied by the FPGA (402). Both are switched simulta- 

communication bus distributes this information to other neously for distributing HS and VS synchronization signals 

units, for example user interface modules or computer always together on one channel or communication link, 

interface modules. Another use of the control panel is to These crosspoint switches are controlled by the CPU (400). 

configure the system and do administrative work. The con- The logic device is accessed by a data bus (406), an address 

trol panel could also be used for debugging the system, e.g. ^5 bus (405) and some control signals (407). ITiis interface is 

from workstation (47). compatible to a standard microcontroller interface. A serial 

Digital Card . ^ ,,,, . , control link could also be used. 

As mentioned above one switch module (41) consists of 3 ^^ows the FPGA (402) and crosspoint switch 

a digital card (44) and one analogue transmitter (43) or , . ^ * 1 Y- u - c 

receiver (42) card. Tlie CPU (400) (central processing unit) 'TtT flK^^iT^^ul'''^ 

shown in FIG, 2 controls both cards, the digital and the ^ T T ..in ^Lw "I '^1^'°°" 

analogue card. The analogue card either transmits, or 1) multiplexers (470-486) for the VS syn- 

receives and switches the analogue video signals. In contrast chronization signals. The sixteen inputs of each group of 

to this the digital card controls and distributes the digital data multiplexers are connected together. The outputs of the 

signals, which are necessary for mouse, keyboard and moni- multiplexers go out of the device again. With this 

tor switching. Adefined interface controls the analogue card. ^5 arrangement, two 16 by 16 crosspoint switches are gene 

Central Processing Unit (CPU) and Memory rated. 

Distributed control is provided by a separate stand alone When a connection is demanded by a user interface 
CPU and memory on each digital card. The CPU (400) on module, the CPU (400) selects one of the sixteen multiplex- 
the digital card is, for example, a sixteen bit CMOS micro- ers with its coding on the address bus. The data bus will 
controller (CI 67) from Siemens A.G. It uses a ROM (read 40 carry the information which one of the sixteen inputs will 
only memory), a RAM (random access memory) and a Flash forward to the output of the multiplexer. There is one 5 -bit 
ROM. For the memory system (401), two of each PAM and data register for every pair of multiplexer (HS and VS), 
ROM) are used. The memory devices are 8 bits wide, so one which stores the switching information and keeps the con- 
device is used for the lower and one is used for the upper 8 nection. Data registers (409) are updated with information 
bits of the 16-bit data bus. Everything in the system is flash 45 from the data bus (406), when the address register recog- 
upgradeable. So the system or CPU starts up from a Boot nizes a legal address and an update signal is sent to the 
ROM/EPROM, but first looks for a newer firmware version corresponding data register. Connections could be released 
in the flash memory. If a. jiewer version exists, the syst em in the same way with the data bus on a low level on every 
goes on executing commands from the flash memory^Th e signal. The switching information is stored in the FPGA 
flash K OM can be updated on the card, through the syste m so (402) when the device is selected with the chip -enable signal 
from a wo rkstation (147^, from a remote computer, or from and the write signal goes low and rises again. The reset line 
the contrglifi anol (46), top eje amplo - vu ah mliarcd link fro m- will clear all connections. It is the same when the system is 
a p^ rtrfble - tfompute r. powered up again. The FPGA is programmed by the CPU 

I t is possible to use another processor type from th is (400). It will be automatically updated when the firmware of 

family. B y changing two resistors con nected to the EA pin 55 the CPU is updated. 

o f the'tTTj, it IS possible to use a processor' W ith internal Low Voltage Differential Transceivers (LVDS) 

flash and leave ou t the flash ROM's trom the memory When the synchronization signals are routed through the 

syste m. I'Ueie li?; an interlace on the digital card (44)^ wh ich crosspoint switch (402) they are routed to sixteen transceiv- 

can be us ed tor snc^ an npp;rade crs. These low voltage differential signal (LVDS) transceiv- 

Programmable Logic Device and Transmitter/Receivers 60 ers (410) provide the synchronization signals to the back- 

During start-up the central processing unit programs a plane (45). In this embodiment, a LVDS transceiver is used 

programmable logic device, or FPGA (402) in this because of reduction on electromagnetic interference (EMI) 

embodiment, programmed over a serial interface. This and also to keep the crosstalk between these and other 

device is connected to the data, address and control bus of signals low. The LVDS driver could be reversed with the 

the CPU. Programming this device by the CPU on every 65 direction signal provided by the analogue card, 

start-up makes sure that there is always the latest firmware In the reverse direction, when the digital card (44) acts 

in the FPGA. like a transmitter, the LVDS transceiver (410) receives 
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differential synchronization signals from the backplane, 
converts them into CMOS compatible signal level and 
forwards them to the FPGA crosspoint switch (402). This 
device will route the signals as needed for the user and 
outputs them to a CATS (Category 5 computer network 5 
cable) driver output section (411) again. These differential 
drivers (See FIG. 2) are in parallel to the receivers for the 
reverse direction and are controlled by the direction signal 
coming from the analogue card. There is only one of the 
parallel drivers active at one time. The differential input or lO 
output from the CATS side are connected to the differential 
line receiver of the type 26C32 and are also connected to the 
differential line driver of the type 26C31. The signal T/R 
(transmit/receive) determines the direction information. The 
driver is active when this signal is on a low level because it 15 
is connected to the positive enable pin of the driver. The T/R 
signal is also connected to the low active enable signal of the 
differential line receiver and in case of an active driver this 
receiver will be inactive and vice versa. 
Communication Links 20 

The external system communication is based on differ- 
ential signals. The previously prepared data packages, as 
prepared by the user or computer interface modules (17, 51) 
are received by differential line receivers at the CATS cable 
inputs. It should be noted that this communication is based 25 
on a full duplex proprietary communication protocol. 
Universal Asynchronous Receive Transmit Modules 
(UARTs) 

Incoming data packages are converted to a CMOS- 
compatible signal level and then forwarded to the UART 30 
(403) inputs. For the sixteen communication links, four quad 
UARTs (403) are used. These UARTs are full duplex as well, 
and transmit and receive at the same time. The serial data is 
converted into parallel data and stored in a FIFO (first in first 
out) memory. The UART incorporates a 16-byte FIFO for 35 
every communication path. The CPU, which is connected to 
the UARTs via data, address and control buses (405, 406, 
407) then has access to these bytes. The CPU will be 
informed by interrupt signals when bytes arrive. The UARTs 
will also report reception errors or transmission errors to the 40 
CPU (400). 

In the reverse direction, when the digital card (44) acts 
like a transmitter, the CPU stores data bytes for external bus 
transmission in the UART. These data bytes are serialized 
and output to the CATS driver section (411) by the UART 45 
To access the UARTs, the data bus and the address bus are 
used. To generate the 16-chip select signal, only one chip 
select signal is used from the CPU. The others are generated 
by an address decoder (412) which is built up from two 1 by 
8 demultiplexers (See FIG. 3). Therefore three lower address 50 
lines are connected to the UARTs themselves and four 
additional higher address lines are connected to the decoder 
devices. The driver converts the CMOS signal into a differ- 
ential signal and outputs it to the CATS connectors. 

The CPU which receives and transmits all the data from 55 
and to the UARTs forwards all information with other 
destinations to the internal system bus which is located on 
the backplane (45). This system bus is based on the CAN 
bus. The integrated CAN module (404) of the CPU is used 
for this. All serial CAN data is output to a dedicated CAN 60 
driver (413) which converts the signals into differential 
signals. The CAN system bus runs at a speed of 1 mhz, for 
example. In this way all the modules communicate with each 
other. 

Handling of the CAN Bus Protocol 65 

CAN bus data packages which are for a particular module 
are handled by the CPU in that module. In case of switching 



information it will send switching commands to the FPGA 
crosspoint switch (402), to the analogue video crosspoint 
switch (501, 502) and enable signals to the video buffers. For 
enabhng the video buffers a serial synchronous interface 
(500) is used. This interface (500) to the respective analogue 
card (42, 43) is separated by optocouplers to prevent noise 
on the analogue card. This serial data is converted into 
sixteen parallel enable signals for the video buffers. The six 
video crosspoint switches are controlled in the same way. 
The serial synchronous data is clocked into the crosspoint 
switches. This interface is also opto-isolated to prevent high 
frequency digital noise in the analogue portion of the 
system. 

Front Control Panel 

The front control panel (46) which is also connected to the 
internal CAN bus (414) will provide configuration informa- 
tion to the switch modules. This could be information like 
memory update information for the CPUs of the other switch 
modules (41). The chassis address for this unit could be set 
with the control panel and it will be forwarded to other cards 
which need the information. 

The front panel (46) could also be used as an interface for 
debugging the system. In this case the panel may be used to 
monitor the internal communication bus (CAN) and forward 
the information to a display or to a computer (47) connected 
via serial port to the panel. If needed the developer or user 
can read in or send out commands and data. 

The control panel may also be used to monitor the primary 
and redundant power supply units (601, 602), and give a 
warning of voltage drops or power failures. It may also be 
used for monitoring the temperature in the system housing 
and will give an alarm in the case of overheating. 

The user interface of the control panel may be a graphic 
display with a touch panel to enter commands and set up the 
system, or a character display with buttons or switches to 
enter information. 
Redundant Power Supplies 

The system most preferably includes two independent, 
fully redundant power supply units. If {)ne power supply 
(601) fails the other one (602) will guarantee a stable system 
which will go on working without interruption. The power 
supplies are monitored by the control panel. 
Hot Swap 

Every replaceable module in the system is most prefer- 
ably designed to be "hot swappable". Every single module, 
e.g. power supplies (601, 602), fan modules (603, 604), all 
sv^lch modules (41), and the control panel (46), could be 
plugged or unplugged in a powered on condition without 
interruption of system function. The novel modular design 
of the switch modules (41) allows each of these to be 
individually hot-swappable, a most advantageous feature of 
the invention. 

Analogue Transmitter Card (FIG. 4) 

The transmitter switch module (43, 44) consists of an 
analogue transmitter card (43) "stacked" on top of the digital 
card (44), as described above. Each input stage of the 
transmitter card presents a high impedance to the backplane 
analogue bus thereby causing negligible loading and maxi- 
mizing signal integrity. 

The analogue transmitter card is connected to the back- 
plane analogue bus using, for example, a HDM plus daugh- 
tercard connector assembly (503), as supplied by Teradyne 
Inc. 

The length of the printed circuit board (PCB) track 
between the connector and the input buffer amplifier (504) 
has been kept as short as possible in order to minimize stray 
parasitic capacitance and thereby maximize channel band- 
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width. The output of this amplifier directly drives (i.e. the range manufactured by Teradyne, Inc. This connector has an 

transmission line is only terminated at the far end by its integral strip line structure and is optimized for controlled 

characteristic impedance) a controlled impedance transmis- impedance environments between 50Q and 60Q. A specific 

sion line implemented by a striplinc structure embedded in pin assignment is used with this connector in order to 

the PCB structure during manufacture. This stripline has a 5 maximize the crosstalk separation between channels, (See 

nominal impedance of 50Q+/-15%. The termination for this FIG, 7). 

section of stripline is placed as close as possible to a 16x16 This pin assignment creates a "pseudo-coaxial cavity" 
analogue crosspoint switch, which may comprise two 16x8 (700) defined by ground pins (701) surrounding each ana- 
Buffered Video Crosspoint Switches (501, 502) per analogue logue signal path (702) within the mated connector body 
signal (red, green, blue), for example, product part AD8110 lO thereby resulting in optimal crosstalk separation, 
by Analog Devices, Inc. In order to build a 16x16 non- Analogue Receiver Card (FIG. 5) 

blocking matrix the sixteen single-ended high impedance - The receiver switch module (42, 44) consists of an 
inputs of both devices are connected in parallel thus forming analogue receiver card (42) "stacked" on top of the digital 
a 16x16 crosspoint matrix switch. Therefore to implement a card. Red, green, blue and HS synchronization information 
16x16 non-blocking crosspoint matrix for all three analogue is are presented to the analogue receiver card as electronically 
signals (red, green, blue) requires six AD81 10 devices (501, balanced or differential signal pairs. VS synchronization 
502) in this embodiment of the invention. information, along with keyboard and mouse signals are 
Control signals from the corresponding and adjacent routed directly to the digital card (44) underneath. Each 
digital card (44) in the switch module (41) are supplied to channel or above signal group are accommodated in one 
the analogue transmitter card (43) as serial data via a stacker 20 CAT 5 cable assembly terminated in an RJ 45 connector. The 
connector. In order to minimize the coupling of conducted balanced HS synchronization signal is directly routed inter- 
digital "noise" from the digital card to the analogue circuits nally to the digital card via the stacker connector. The 
all control signals are "galvanically isolated" using opto- analogue receiver does not perform any operation on this 
isolators (500), in a known manner. On the analogue side of signal. 

the opto-isolated barrier this serial data stream is fed directly 25 llie remaining differential red, blue and green signals are 

to the analogue crosspoint switches and determines the routed from the RJ4S connectors to the input stages by 

signal routing within the crosspoint switch. The selected balanced stripline with a nominal lOOQ differential 

active crosspoint output is buffered immediately by a wide- impedance, where they are converted to single -ended signals 

band monolithic amplifier (505). This buffer directly drives by discrete differential amplifier stages (509). Each differ- 

a section of "stripline" similar to that described earlier. 30 ential amplifier incorporates switched cable equalization in 

This stripline section carries the routed signal to a cor- order to compensate for the progressive high frequency 

rectly terminated input stage of discrete differential amplifier roll-off with increasing length of CATS cable used and 

stage (506). This differential amplifier stage provides the therefore "flatten" the frequency response, 

single-ended to balanced conversion. This stage also pro- In order to reduce power consumption inactive or unused 

vides switched "p re-emphasis". The pre-emphasis applied 35 differential amplifier input stages have powerdown capabil- 

here in conjunction with the equahzation in the analogue ity whereby the power supply voUage is removed from the 

receiver provides a means to accommodate a wide range of stage. This also reduces internal heat produced from unused 

CATS cable lengths. The balanced signal is connected to the input stages that are turned on. 

respective RJ45 by a section of balanced stripline with a The control signals required to provide the enable/disable 

nominal lOOQ differential impedance. 40 function are derived from the serial data stream. This control 

Method of Operation of the Backplane Analogue Bus information is extracted using two 8-bit shift registers and 

Controlled impedance "stripline" techniques have been controls the discrete input differential amplifier stages 

used in the design of the analogue video bus portion of the directly. 

backplane in order to optimize signal integrity, channel The output signal is then buffered by a monolithic amph- 

band width and crosstalk separation. The analogue backplane 45 fier (508) whose output directly drives (i.e. the transmission 

bus consists of sixteen "Double Matched" transmission line is only terminated at the far end by its characteristic 

lines, (i.e. terminated at both ends by its characteristic impedance) a controlled impedance transmission line imple- 

impedance) implemented in a "stripline" strucmre with a mented by a stripline structure embedded in the PCB stmc- 

loaded impedance of approximately 50Q. Thus the effective ture during manufacture. This stripline has a nominal imped- 

input impedance at any point along this transmission line is 50 ance of 50Q±/-15%. The termination for this section of 

25Q. stripline is placed as close as possible to the 16x16 analogue 

The analogue bus driver device in the receiver card drives crosspoint switch (501, 502), similar to that described above 

this backplane with a nominal 25Q source impedance. This for the traasmitter card. 

matched impedance approach minimizes ringing on fast A crosspoint switch topology based on "switched 

signal edges, (See FIG. 8). 55 transconductance architecture" has been chosen over the 

Adjacent channel crosstalk is reduced by interleaving more common "bilateral mosfet switch" type of device. The 

adjacent channel paths in an alternate tri-plate stripline particular crosspoint switch used consists of an array of 128 

structure, i.e. all even channels are carried in one stripline transconductance input stages organized as eight 16:1 mul- 

structure and all odd channels arc carried in another offset tiplexcrs with a common, 16-line analogue input bus. Each 

structure. Expanding on the above technique additional 60 multiplexer is basically a folded-cascode high-speed voltage 

stripline structures may be used to further enhance the feedback amplifier with sixteen input stages. This architec- 

separation between channels thus further improving the ture results in a low-power large matrix crosspoint switch 

crosstalk separation, (See FIG. 9). with high input resistance, low input capacitance and wide 

In order to maintain maximum system bandwidth and bandwidth without the use of additional input buffers, 

optimal crosstalk separation, special consideration has been 65 llierefore to implement a 16x16 non-blocking crosspoint 

given to the choice of interconnect technology employed. matrix for all three analogue video signals (red, green, blue) 

The connector chosen is preferably from the HDM plus requires six ADS 110 devices in the present implementation 
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of the invention. Control signals from the digital card crosspoint switching arrangement, and a backplane 

underneath are supplied to the analogue receiver PCB as interface between the said analogue and digital circuits, 

serial data via the stacker connector. In order to minimize the 2. A switching system according to claim 1, in which the 

coupling of conducted digital "noise*' from the digital PCB digital circuit of each switching module comprises its own 
to the analogue circuits all control signals are "galvanically 5 central processing unit adapted to provide distributed control 

isolated" using opto isolators. On the analogue side of the of each switch module in the switching system, 

opto-isolated barrier this serial data stream is fed directly to 3. A switching system according to claim 1, in which the 

the analogue crosspoint switches and determines the signal digital circuit is bi-directional and is adapted to handle 

routing within the crosspoint switch. The selected active received or transmitted digital data signals, and is common 

crosspoint output is buffered immediately by a wideband to all switch modules. 

monolithic amplifier (511). This buffer directly drives a 4. A switching system according to claim 1, in which each 

section of "stripline" similar to that described earlier, lliis switch module is configured as either a transmitter module 

strip line section carries the signal to the correctly terminated or a receiver module. 

input stage of the "backplane analog bus" diver circuit (510) 5. A switching system according to claim 1, wherein each 

located close to the HDM plus daughtercard connector ^"^i^ch module provides access to a pre-determined number 

(503). This placement is necessary in order to keep the of computer user terminals or computers, 

unterminated "stub" length short when the bus driver is , 6. A switching system according to claim 1, in which the 

disabled. The analogue transmitter card (42) is connected to ^^'" f.^"^ synchronization (HS) and vertical synchroniza- 

^,.11 1 u • fiT^A 1 J u*" J tion (VS) parts or the Video Signal are dieitally encoded and 

the backplane analogue bus using a HDM plus daughtercard handled b said di tal circuit 

connector assembly, as described above. ^„ - . *♦ u* * j- * 1 • 1 • u- i. 

^ , , r . • . . » 20 7. A switchmg system according to claim 1, in which 

In the present embodiment of the invention the analogue -.^ u* *u 1 # 

^ ^, ^ w^^^^r^TT^ rr. t t. .. mternal communication between the an analogue transmitter 

bus driver used is a MAX4223EUT-T device, supphed by • • •* j *t. j- •« 1 • • • * 1 

. J . L J- LI • L- t - or receiver circuit and the digital circuit is via an internal 

Maxim. This device has an output disable function which is system bus 

a^vated by "pulling" a shutdown control pin (SHDN) low g ^ ^^j^^^j^^ ^^^^^^ ^^^^^^.^^ ^^^^^.^ ^1^^ 

^ - . , . , . rr • . • 25 internal system bus is a differential controller area network 

1 neretore a particular channel output is etlectively wire- fCANl bus 

OR 'ed" with the same channel outputs on another receiver n a •* u- ♦ j- * i - i • i.- t. .i. 

, . , , ... - . , 9. A switching system accordmg to claim 1, in which the 

card or cards in the same chassis thereby givmg each card s „„„i« • * •* u- * ™ • 

, , ^ , ^ , ^ analogue crosspoint switching arrangement comprises a 

output access to the common backplane analogue bus. The u * i u j v u j * j * 

*^ , . , , , . , r switch topology based on a switched transconductance 

control signals required to provide the enable/disable func- architecture 

tion are also derived from the serial data stream. This control m a w * * i • n * u - u .u 

. ^ ..... , . .. , 10. A switching system according to claim 9, in which the 

miormation is extracted in a similar manner to that described , • ♦ % u • * • i 

n , ,.rc -I- . ^ . ^ . . . -i- analogue crosspomt switching arrangement comprises a low 

tor the difierential input stages using a further two 8-bit shift ^„,^r L ♦ * • ♦ % u -.u u* u • 

. 1 t 1 . 1 . 1. , power, large matrix crosspoint switch with high input 
registers and controls the analogue bus dnvers directly. • » ? • ^ j j u j ■ j.l 
. . • . . -1,1. J resistance, low input capacitance and wide bandwidth. 
While the invention has been particularly shown and ha * ™ a- * i • m • u- u 
j . . , - , ^ ^ , 35 11. A switching system according to claim 10, in which 
described with reference to embodiments thereof, those i ■ * •* u• 
. ... , . , -11 1 1 . . p - . , the analogue crosspomt switchmg arrangement comprises a 
skiUed m the art will undecs and that the foregoung and other j^^^^ multiplexers, each comprising a folded-cascode 
changes in form and detail may be made therein without high-speed voltage feedback amplifier. 

Wh^l Xm^Ts"" ' . ^ '^"^'''"S 'y^'^" ''""'"^•"S to claim 1, wherein the 
' r ■ • ii-n^o digital crosspoint switching arrangement comprises a field 

1. A switching system for interconnecting a plurality of ^^^.^j^^mc gate array 

computer user terminals, having user interface devices A™, f«u*r^ . f J, a- . i • 11 u • .1. 

. , L J .J ? 1 • J 13. Aswitching system according to claun 12, wherem the 

including a keyboard, a video display umt and a cursor 1 7 *1. * • . n j l .l 

.J. ' ^ ^ digital crosspoint switch arrangement is controlled by the 

control device, with a plurality of computers m a computer ^^^^^ processing unit on its switch module, via separate 

network, allowing a user to access any one or more of said address, data and control buses. 

computers trom the user interface devices or a single i^a ♦u- . * i-^ i.- 

terminal com * i ■ ^ 14. A switching system according to claim 1, wherein 

ermma , composing. communication between the digital crosspoint switch 

a switching hub for routing keyboard and cursor control arrangemem and the backplane is via a differential 

signals transmitted from any one of the terminals to a transceiver, preferably a low voltage differential driver/ 

selected computer, and for routing video signals jq receiver 

received from the said computer to said one of the ^5 ^ switching system according to claim 5, wherein 

termmals, said signals being m both digital and ana- g^ch switch module can handle sixteen video channels, such 

ogue rorm, ^^.^^ ^ minimum of eight switch modules will allow sixteen 

a user interface module for receiving said transmitted computer user terminals to access 128 computers in a 
keyboard and cursor control signals, coupled between 55 non-blocking way. 

said plurality of computer user terminals and said 16. A switching system according to claim 15, wherein the 

switching hub, digital crosspoint switching arrangement comprises two 

a computer interface module for receiving said received bi-directional 16x16 gate arrays adapted simuUaneously to 

video signals, coupled between said pluraUty of com- handle respective HS and VS signal data, pertaining to one 
puters and said switching hub, 60 video channel. 

wherein the physical architecture of the switching hub 17. A switching system according to claim 16, in which 

includes a modular system comprising a plurality of hot the analogue crosspoint switching arrangement comprises 

swappable switch modules, each module comprising an an array of 128 transconductance input stages organized as 

analogue transmitter circuit and/or an analogue eight 16x1, or two 16x8, multiplexers with a common, 
receiver circuit, each including an analogue crosspoint 65 1 6-line analogue input bus. 

switching arrangement, a programmable digital circuit 18. A switching system according to claim 1, in which 

for handling digital data signals and including a digital each multiplexer switching hub further comprises a pro- 
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grammable control panel module in communication with the 
backplane for system reconfiguration, and display of status 
information. 

19. A switching system according to claim 18, in which 
the control panel module is adapted to interface with a 5 
remotely-linked input/output device, linked via infrared or 
radio, and/or is adapted to interface with a remotely-located 
computer user terminal- 

20. A switching system according to claim 1, in which 
each switch module, is adapted to be hot-swappable. lO 

21. A switching system according to claim 1, further 
comprising a fully-redundant power supply comprising mul- 
tiple power supply units wherein each power supply unit is 
adapted to be hot-swappable. 

22. A switching system according to claim 1, further is 
comprising multiple cooling fan modules, wherein each 
cooling fan module is adapted to be hot-swappable. 

23. A switching system according to claim 1, for inter- 
connecting a plurality of computer user terminals, having 
user interface devices including a keyboard, a video display 20 
unit and a cursor control device, with a plurality of com- 
puters in a computer network, allowing a user to access any 
one or more of said computers from the user interface 
devices or a single terminal, comprising: 

a switching hub for routing keyboard and cursor control 25 
signals transmitted from any one of the terminals to a 
selected computer, and for routing video signals 
received from the said computer to said one of the 
terminals, said signals being in both digital and ana- 
logue form, 30 

a user interface module for receiving said transmitted 
keyboard and cursor control signals, coupled between 
said plurality of computer user terminals and said 
switching hub, 

a computer interface module for receiving said received 
video signals, coupled between said plurality of com- 
puters and said switching hub. 

24. A switching system according to claim 23, in which 
the analogue crosspoint switching arrangement comprises a 
low power, large matrix crosspoint switch with high input 
resistance, low input capacitance and wide bandwidth. 

25. A switching system according to claim 24, in which 
the analogue crosspoint switching arrangement comprises a 
plurahty of multiplexers, each comprising a folded-cascode 
high-speed voltage feedback amplifier. 

26. A switching system according to claim 25, in which 
the analogue crosspoint switching arrangement comprises 
an array of 128 transconductance input stages organized as 
eight 16x1, or two 16x8 multiplexers with a common, 
16-line analogue input bus. 

27. A switching system for interconnecting a plurality of 
computer user terminals, having user interface devices 
including a keyboard, a video display unit and a cursor 
control device, with a plurality of computers in a computer 
network, allowing a user to access any one or more of said 
computers from the user interface devices or a single 
terminal, comprising: 

a switching hub for routing keyboard and cursor control 
signals transmitted from any one of the terminals to a 
selected computer, and for routing video signals 
received from the said computer to said one of the 
terminals, said signals being in both digital and ana- 
logue form; 
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a user interface module for receiving said transmitted 
keyboard and cursor control signals, coupled between 
said plurality of computer user terminals and said 
switching hub; 

a computer interface module for receiving said received 
video signals, coupled between said plurality of com- 
puters and said switching hub; 

wherein the switching hub comprises a plurality of 
removable and hot swappable switch modules each 
with its own crosspoint switching arrangement and 
central processing unit, each module comprising an 
analogue transmitter circuit and/or an analogue 
receiver circuit, a programmable digital circuit for 
handling digital data signals, and a backplane interface 
between the said analogue and digital circuits. 

28. A switching system for interconnecting a plurality of 
computer user terminals, having user interface devices 
including a keyboard, a video display unit and a cursor 
control device, with a plurality of computers in a computer 
network, allowing a user to access any one or more of said 
computers from the user interface devices or a single 
terminal, comprising: 

a switching hub for routing keyboard and cursor control 
signals transmitted from any one of the terminals to a 
selected computer, and for routing video signals 
received from the said computer to said one of the 
terminals, said signals being in both digital and ana- 
logue form, 

a user interface module for receiving said transmitted 
keyboard and cursor control signals, coupled between 
said plurality of computer user terminals and said 
switching hub, 

a computer interface module for receiving video signals, 
coupled between said plurality of computers and said 
switching hub, 

wherein the switching hub is a module system com- 
prising a plurality of switch modules, each module 
comprising a separate analogue transmitter circuit or 
an analogue receiver circuit, each including an ana- 
logue crosspoint switching arrangement, a separate 
programmable digital circuit for handling digital 
data signals and including a digital crosspoint 
switching arrangement, and a backplane interface 
between the said analogue and digital circuits, said 
analogue circuit embodying stripline structures for 
video bus channel paths. 

29. A switching system according to claim 28, in which ■ 
adjacent channel paths are interleaved in an alternate tri- 
plate stripline structure, with even channels carried in one 
stripline structure and odd channels carried in the next 
adjacent stripline structure. 

30. A switching system according to claim 28, in which 
the backplane is interconnected to the analogue circuit with 
a specific pin assignment wherein each analogue signal 
carrying pin is encircled by pins to ground thereby creating 
a pseudo-coaxial cavity for each analogue signal pathway 
within the mated backplane connector portion, for optimal 
crosstalk separation within said connector portion. 

31. A switching system according to claim 28, in which 
galvanic isolation is incorporated in all interface paths 
between the analogue circuit and the digital circuit, prefer- 
ably embodied by an opto-coupler. 
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